In this study, the authors evaluated the comparative effects of dietary supplementation of ginger (Zingiber officinale), vitamin E and L-carnitine on certain blood parameters of two strains of broilers in summer. A total of 320 broiler chicks (Hubbard and Cobb) were divided into two groups. The two groups were subdivided into four subgroups with four replicates with 10 chicks per replicate. In each strain subgroup was kept as control while other subgroups were provided with ginger (2%), L-carnitine (500 mg/kg) or vitamin E (250 mg/kg) in the basal diet up to 42 days old. Supplementation of the diet with vitamin E, ginger and L-carnitine significantly decreased mean cholesterol, alanine aminotransferase (ALT), glucose, triglyceride, low density lipoprotein (LDL), and increased high density lipoprotein (HDL) and serum protein concentrations. The results of vitamin E were comparatively better than those of the other two feed additives. The blood biochemical parameters did not vary between the broiler strains. From the findings of the current study, it was concluded that high ambient temperature had a negative effect on broiler hepatic and lipid profiles, and the supplementation of diets with vitamin E, ginger and L-carnitine improved broiler blood biochemical parameters.
Introduction
A large number of broiler farms are in tropical and subtropical zones of the world. The majority still operate under the open-sided housing system (Khan et al., 2012a) , which adversely affects the physiological biochemistry of broilers reared under high ambient temperatures (Chand et al., 2016) . In tropical and subtropical countries, the primary problem in summer is heat stress. Since poultry farmers cannot afford expensive artificially temperature controlled sheds, heat stress affects broiler production and physiology negatively .
A blood biochemical profile provides important information about the health of animals. Higher environmental temperature increases serum alanine aminotransferase (ALT, EC 2.6.1.2) and aspartate aminotransferase (AST, EC 2.6.1.1) activities (Shah et al., 2016) , and glucose (Ihsanullah et al., 2017) , cholesterol and triglyceride concentrations (Rehman et al., 2018) in broiler chicks. Various ways are being utilized to reduce the hazards of extreme environmental temperatures in poultry production. To avoid the high expense of cooling animal buildings, the focus has been diverted mostly to additives . The nutritional strategy in summer high temperatures is based on balancing protein, energy and electrolytes in the diet to cover the needs in heat-stressed birds (Laudadio et al., 2012; Khan et al., 2014) .
Supplementation of vitamin E in the diet compensates for the negative effects of heat stress in poultry and significantly improves the blood biochemical profile in broilers (Shah et al., 2016) . Ginger (Zingiber officinale) is an herbal plant that is being used widely to treat a variety of disorders (Khan et al., 2012b) . Important compounds in ginger include gingerdione, gingerdiol and shogaols (Rehman et al., 2017) . These have antimicrobial, antioxidative and other pharmacological properties (Rehman et al., 2011; Khan et al., 2013) . Rehman et al. (2011) found that a ginger extract reduced serum ALT and AST activities, and glucose concentration, while serum protein level increased significantly in broilers. L-carnitine is a vital micronutrient and is generated from amino acids (Bremer, 1983) . Hassan et al. (2011) reported that supplementation of L-carnitine at rates of 100 mg/kg and 200 mg/kg decreased serum ALT and AST activities and cholesterol and triglyceride concentrations in broilers. Zhang et al. (2010) found that the cholesterol profile was significantly decreased in broilers supplemented with acetyl-L-carnitine.
Little research has been conducted to compare the effects of feed supplements at recommended concentrations under heat-stress conditions in various broiler strains. Thus, the present study was planned to investigate the suitability and efficacy of vitamin E, ginger and L-carnitine on biochemical and lipid profile of two strains of broilers that were exposed to high summer ambient temperatures.
Materials and Methods
A total of 320 one-day-old broiler chicks of two strains (Hubbard and Cobb) were obtained from the local hatchery. The chicks were divided randomly into two groups (160 chicks/group). Each group (strain) was divided further into four subgroups (40 chicks/group) with four replicates (10 chicks per replicate) per group. In each strain, one group was kept as a control, while the basal diets of the other subgroups were supplemented provided with ginger (2%), L-carnitine (500 mg/kg) or vitamin E (250 mg/kg). For the first 14 days the chicks were reared according to brooding protocol. Sawdust was used as bedding material. On day 15, the chicks were exposed to heat stress. The stocking density of birds was 0.9 m 2 /bird. Birds had free access to feed and water throughout the experiment. A 24-hour light programme was provided.
The broilers were provided with a balanced diet according to the recommendations of the National Research Council (NRC, 1994) , as shown in Table 1 . Fresh ginger was obtained from a vegetable market. It was sundried and then ground to powder. The powder was added to the feed at the given concentration (2%). Supplementation started on day 15 and continued until the end of the experiment (42 days). Mortalities were recorded as they occurred. About 5 mL blood samples were collected weekly from randomly selected birds (three birds per replicate) for biochemical analysis. Serum was separated and analysed for glucose, cholesterol, triglyceride, total protein, AST, ALT, LDL and HDL with commercial kits with a spectrophotometer (Randox Laboratories, CA, USA)
Data were subjected to a two-factorial completely randomized design with four diets and two strains. The least significant test was used to compare the differences among treatments. All statistical analysis was carried out using statistical package SAS version 6.12 (SAS Institute, Cary, N.C., USA) with a completely randomized design.
Results
Mean serum AST activity was significantly lower in birds fed vitamin E and ginger supplementation on days 21, 28 and 35 compared with the control (P <0.05) ( Table 3 ). There was no significant difference between ginger and L-carnitine on days 28, 35 and 42 (P >0.05). Mean serum ALT activity was significantly lower in the vitamin E-supplemented group compared with the control (P <0.05) (Table 4) . However, serum ALT activity did not differ between the control and the birds treated with L-carnitine. In addition, on days 21, 28, and 35, mean activity in serum did not differ between the vitamin E-and ginger-supplemented groups. On day 42, serum ALT activity decreased significantly in vitamin E-supplemented birds compared with the ginger-fed birds (P <0.05). Throughout the experiment, mean serum glucose concentration was significantly (P <0.05) lower in the supplemented groups compared with the control (Table 5 ). There was no significant difference (P >0.05) on day 28 between vitamin E-and ginger-treated birds. On days 28 and 35 serum glucose concentration was significantly (P <0.05) lower in vitamin E-supplemented birds compared with ginger and L-carnitine supplemented groups. The mean serum protein level was significantly (P <0.05) higher in birds fed with vitamin E supplementation throughout the experiment (Table 6 ). There was no significant difference (P >0.05) between ginger-and L-carnitine-supplemented birds throughout the experiment (P <0.05).
Mean serum cholesterol was significantly (P <0.05) lower in birds supplemented with L-carnitine compared to the other treatments (Table 7) . There was no significant difference between ginger-and vitamin E-supplemented birds in mean serum cholesterol concentration (P >0.05). The results indicated that throughout the experiment mean serum triglyceride concentration was significantly (P <0.05) lower in birds supplemented with L-carnitine compared to the other treatments (Table  8 ). There was no significant difference in serum triglyceride between the vitamin E-and L-carnitinesupplemented birds except on day 35 (P <0.05). On day 21 the concentration of LDL was significantly (P <0.05) lower in the treatment groups compared with the control (Table 9) . At the other stages of the experiment, LDL was significantly (P <0.05) lower in the L-carnitine-treated group compared with the control. There was no significant difference between vitamin E-and ginger-supplemented groups throughout the experiment (P >0.05). There was no significant difference in HDL concentration between ginger and L-carnitinesupplemented birds on all recorded stages of the experiment (Table 10 ). There was no significant (P >0.05) differences between the two strains during the experimental period. 
Discussion
In the current study, bodyweight was improved significantly in vitamin E-supplemented birds compared with the control. Similarly, improved bodyweights were observed in the ginger-and L-carnitine-supplemented broilers. The improved feed intake and weight gain in vitamin E-supplemented birds may be due to the antioxidant effect, the secretion of the growth hormones, and better feed utilization and digestion (Khan et al., 2013) . L-carnitine is known for producing energy from the fat reserve of the body and reducing oxidative stress (Derin et al., 2006) . On the other hand, ginger exhibits antimicrobial activity and higher palatability, and releases digestive enzymes in the body, which lead to improved feed consumption and weight gain (Khan et al., 2012b) .
The results of the current study revealed that supplementation of vitamin E, ginger and L-carnitine decreased serum liver enzyme activities in broilers. Higher activities of serum AST and ALT are the result of liver disease, probably because of oxidative damage to the tissue (Khan et al., 2013) . The increase in serum enzyme activities at high ambient temperature could be the reason for free radicals at cellular level. The decrease in liver enzyme activity in the treated groups may be because of the strong antioxidant properties of vitamin E, ginger and L-carnitine, which scavenge free radicals (Khan et al., , 2013 , and maintain the function of antioxidant enzymes (Khan et al., 2013) . The current findings are in line with the results of previous studies, which reported that vitamin E supplementation significantly decreased liver enzyme activities in broilers exposed to high ambient temperature (Sahin et al., 2002; Khan et al., 2013) . The authors could not locate an authentic review in the literature on the effects of L-carnitine and ginger on serum AST activity under heat-stress conditions in broilers. However, under optimum conditions, a significant decrease has been reported in serum AST activity of broiler chicks fed a ginger-supplemented diet (Rehman et al., 2011) . Hassan et al. (2011) reported that a significant decrease in serum AST activity of broiler in response to L-carnitine supplementation in the diet. The reduction in serum liver enzymes in response to ginger may be because of the positive effects of active compounds such as gingerdione, gingerdiol, shogaols and gingerol (Khan et al., 2012b ).
The higher serum glucose level in the present study may have been triggered by the secretion of some of the adrenal glands, which accelerated the gluconeogenesis process, ultimately leading to increased serum glucose (Ihsanullah et al., 2017) . The decrease in serum glucose level of heat-stressed broilers may be owing to the decrease in synthesis and production of corticosterone by vitamin E Khan et al., 2013) . Previous studies have reported that vitamin E supplementation in the diet reduced serum glucose levels in broilers (Habibian et al., 2014) . The authors could not locate the effects of ginger and Lcarnitine on serum glucose concentration in heat-stressed broilers in the literature. Lower serum glucose concentration under optimum conditions with ginger and L-carnitine supplementation had been reported (Saeid et al., 2010; Rehman et al., 2011) .
Oxidative stress at cellular level speeds up the production of reactive oxygen species (ROS) that damage biomolecules Chand et al., 2018) . Reduction in the digestibility of protein under heat-stressed conditions may also lead to low total serum protein concentration (Mohamed et al., 2012) . The current findings showed that supplementation significantly reduced serum cholesterol concentration in summer-stressed broilers. L-carnitine was more effective than vitamin E and ginger in reducing serum cholesterol concentration of heat-stressed broilers. Higher serum cholesterol levels at high ambient temperature may be caused by hyperstimulation of the adrenal gland which produces adrenocorticotropin hormones (Ihsanullah et al., 2017) for which cholesterol acts as a precursor. Vitamin E supplementation in poultry decreased the production and synthesis of adrenocorticotropic hormones and corticosterone (Khan et al., 2013) . Consequently, serum cholesterol concentration is decreased. β-hydroxy-b-methyleglutaryl coenzyme A (HMG-CoA) is involved in cholesterol synthesis and ginger is a good HMGR-inhibiting drug and hence reduces cholesterol synthesis (Khan et al., 2012) . L-carnitine supplementation in birds may lead to hyperactivity of lipid metabolism (Parizadian et al., 2011) .
High ambient temperature releases corticosterone . Vitamin E supplementation reduces the production of adrenocorticotropic hormones and corticosterone (Khan et al., 2013) and hence decreases the production of triglyceride. Decreased serum triglyceride level in broilers fed an L-carnitine diet may probably be due to increased fatty acid oxidation. The serum triglyceride level is reduced because of the increased transfer of fatty acids to the inner mitochondrial membrane (Parizadian et al., 2011) . Supplementation of L-carnitine in diets accelerates the activity of lipase enzyme, leading to increased hydrolysis of triglyceride to fatty acid and glycerol (Zhang et al., 2010) .
L-carnitine decreases the activity and the rate of HMG-coA reductase in the liver and may be responsible for lower serum LDL in the L-carnitine-supplemented group in the present study (Hassan et al., 2011) . Vitamin E is a major antioxidant, protects lipoprotein from oxidative injuries and may be responsible for the increased HDL level in the vitamin E-supplemented group. Habibian et al. (2014) reported that vitamin E supplementation in broiler diet significantly increased the serum HDL of broilers under heat stress. With increasing age, the birds' response did not change significantly, probably because the average temperature and humidity did not change during the experimental period.
Furthermore, this is perhaps the first study that compares the effects of various antioxidants in heatstress conditions in broiler strains. In the present study, vitamin E was found to be more effective than ginger and L-carnitine, possibly because vitamin E seems to be a superior antioxidant.
Conclusion
Supplementation of diets with vitamin E, ginger and L-carnitine improved the hepatic and lipid profile of summer-stressed broilers. Moreover, in terms of blood biochemical parameters, the two broiler strains responded equally to heat stress and the treatments.
